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(54) Breakaway electrical connector. 

(57). An electrical breakaway connector for such uses as with 
aircraft pilot's helmets includes a mounting fixture (140) to 
mount the connector to the base of the aircraft. The electrical 
connector includes data (160) and high voltage contacts within 
' the dielectric housing (30,60) of the electrical connector, 
surrounded by a rigid metallic shell (4) which forms an outer 
housing. The aircraft mounted connector includes an insert (90) 
mounted within the .dielectric housing (30,60) and. is moveable 
radially therein. The insert (90) includes an aperture,, extending 
from its front to its rear end, which accepts an electrical 
terminal (222,224). It is profiled such that its front end extends 
beyond the front face of the housing (30). The front end of the 
insert (90) also includes O-rings (114) which are seated in 
grooves and, which, when mated with the connector (300) 
which extends from the pilot's helmet, seal the voids surround- 
ing the high voltage contacts (224,310) precluding sparking of 
the high voltage when the connection system is subjected to a 
vacuum caused by extremely high altitudes. 
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Description 



BREAKAWAY ELECTRICAL CONNECTOR 



The subject invention relates to an electrical 
connector for use in high altitude applications with 
both power and data signals. 5 

A problem which exists in aircraft electrical 
connectors, specifically with high voltage contacts, 
is that high altitude environments causes a vacuum 
which in turn enhances sparking of relatively low 
level power sources. These sparks could degrade or 10 
destroy the surrounding or neighboring data con- 
tacts and their associated signals when the voltages 
jump gaps within the connectors. It is a requirement 
within this type of connector to seal the area 
surrounding the terminal to ensure that all voids are 15 
filled to prevent sparking amongst terminals. The 
need has arisen for aircraft connectors to withstand 
and electrically handle voltages up to and including 8 
kilovolts without sparking between the terminals 
thereby, degrading or destroying the electrical 20 
terminals. 

One breakaway connector is shown in U.S. Patent 
4,684.192 which includes an aircraft connector which 
is correctable ; to the base of the aircraft and a 
helmet connector half which is provided with the 25 
pilot's helmet. Although U.S. Patent 4,684,192 
indicates that the connector is for use with signal 
and power contacts, the connector could not be 
used with voltages as high as 8 kilovolts as the 
connector does not include any sealing surrounding 30 
the electrical terminals. 

In an effort to solve the above mentioned problem 
the instant invention includes an electrical connector 
which can be used with power and/br data trans- 
mission, at high altitudes and which is electrically 35 
correctable to a matable second connector which 
includes an insulative housing having at least one 
aperture therethrough which contains an electrical 
terminal. The electrical connector includes an insula- 
tive housing means having at least one aperture 40 
extending therethrough between a front and rear 
face, and an insert means which is disposed within 
the aperture of the insulative housing means. The 
insert is profiled relative to the aperture so as to be 
moveable radially in order to align the insert with the 45 
aperture of the matable connector. The insert is 
further profiled so as to be partially extending from 
the front face of the housing means, and the insert 
further comprises a through bore which extends 
between a front and rear end of the insert. At least 50 
one electrical terminal is disposed within the through 
bcre of the insert including means to retain the 
terminal within the insert. The aircraft connector also 
includes sealing means surrounding the portion of 
the insert which extends from the front face of the 55 
housing means, proximate the front end of the 
insert. When the aircraft connector and the pilot's . 
connector are mated, the inserts are disposed within 
the aperture of the pilot's connector to seal the voids 
around the terminal preventing sparking between 60 
the high voltage terminal and any adjacent terminals, 
whether power or data. 

The invention will now be described in detail with 



reference to the drawings in which: 

Figure 1 is an isometric view of the connector 
of the instant invention. 

Figure 2 is an isometric view of the connector 
of Figure 1 showing the components exploded. 

Figure 3 is an isometric view of the metallic 
shell of the instant invention. 

Figure 4 is a cross-sectional view through 
lines 4-4 of Figure 3. 

Figure 5 is an isometric view of the forward 
insert used in the instant invention. 

Figure 6 is a cross-sectional view through 
lines 6-6 of Figure 5. 

Figure 7 is an isometric view of the rear insert 
of the instant connector. 

Figure 8 is a cross-sectional view through the 
center of the high voltage insert. 

Figure 9 is an isometric view of the swivel 
backshell used in the connector of Figure 1 . 

Figure 10 is the swivel block which is used in 
the connector of the instant invention. 

Figure 11A is an isometric view of the data 
terminals and retention clips used in the subject 
connectors. 

Figure 11B is an isometric view of the coaxial 
terminals used in the subject connectors. 

Figure 11C is an isometric view of the high 
voltage terminals used in the instant invention. 

Figure 12 is an isometric view of the matable 
connector which is electrically connectable with 
the connector of Figure 1 . 

Figure 13 is an isometric view of the mating 
connector of Figure 12 showing the compo- 
nents in an exploded manner. 

Figure 14 is an isometric view of the forward 
insert of the connector of Figure 1 2. 

Figure 15A is an isometric view of the rear 
insert of the connector of Figure 1 2. 

Figure 15B is a cross-sectional view through 
the inserts of Figures 14 and 15A. 

Figures 16 and 16A are cross-sectional views 
taken through the center of the connector of 
the instant invention and through the center of 
the connector shown in Figure 12. 

Figure 17 is a cross-sectional view of Figure 
1 6 in the fully mated position. 
With reference to either of Figures 1 or 2, the 
connector of the instant invention generally includes 
a forward metallic shell 4 having inserted therein a 
forward insert 30 and a rear insert 60 having clipped . 
between the two inserts 30 and 60, a plurality of 
removeable terminals (Figures 11A-11C). The con- 
nector further includes a swivel backshell 120 and 
two swivel blocks, such as 140. With reference now 
to Figures 3 and 4, the forward metallic shell will be 
described in greater detail. 

The forward metallic shell 4 includes a forward 
shroud, such as 6, with a second bore 10 which is of 
a simaller diameter than the forward shroud 6. The 
metallic shell 4 also includes a threaded end, such as 
14, at the rearward end of the metallic shell. On the 
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internal circumferential surface 10 is included a rib or 
a ring 12 which is integral with the shell and 
circumferentially surrounds the interior surface 10 
and defines a forwardiy and a rearwardly facing 
shoulder. Behind the rib 12 and in front of the 
threaded portion 14 is a snap ring groove, such as 
22, the purpose of which will be described in detail 
subsequently. The connector includes a latching 
structure which comprises integral blocks 16 on 
diametrically opposed sides of the metal shell 4-and 
includes . a pin 20 and roller 21 which are disposed 
between the blocks which disposes a portion of the 
roller 21 in a window 18, projecting a portion of the 
roller 21 into the internal structure of the metal block, 
beyond or inside of the inner circumference of the 
metallic shell for latching to a matable connector. 

With reference now to Figure 5, the forward insert 
30 includes a forward barrel portion 32 for receipt of 
the plurality of terminals and includes three aperture 
sizes, such as apertures 36, 44, and 50. At the rear of 
the insert 30 is a shoulder, such as 34; With 
reference to Figure 6, apertures 36 include a forward 
bore such as 42, an internal rib, such as 38, which 
defines a forwardiy and rearwardly facing shoulder, 
and a larger bore at the rear which is shown 
generally as 40. Aperture 44 similarly includes a rib, 
such as 46, however the bore 48 on either side of the 
rib 46 has the same diameter. Aperture 50 includes a 
constant bore throughout. 

With reference now to Figure 7, rear insert 60 is 
shown as including apertures 66 which are alignable 
with apertures 36 in the forward insert, with the bore 
size of the aperture 66 being smaller than the rear 
bore 40 of aperture 36. Apertures 70 are alignable 
with apertures 44 in the forward insert, with the 
diameter of the bores 70 being the same as the 
diameter of the bore 48. The apertures 78 are 
alignable with the apertures 50 in the forward insert 
30, and an oblong recess, such as 74, surrounds the 
apertures 78 thereby defining a forward face 76. It 
should be noted from Figures 6 and 7 that the inserts 
30 and 60 include complementary polarizing lugs 47 
and polarizing apertures 79, which are different in 
size to ensure that the insert 60 is placed against the 
insert 30 with the. recess 74 facing the rear face of 
the insert 30, and to ensure that the insert 60 is 
properly oriented radially. Although only one polarize 
ing lug 47 is shown in Figure 6, it should be 
understood that a second lug is located in a 
diametrically opposed position relative to the lug that 
is shown. 

With reference now to Figure 8, the high voltage 
insert 90 is shown as including an aperture extend- 
ing between' the forward and rearward end generally 
defined by the numeral 92 which includes a first bore 
94 which is continuous with a second bore 96 which 
defines a tapered lead-in 102 between the two bores 
94 and 96. Aperture 92 further includes a' forward 
bore 100 which defines a shoulder 98 between the 
two bores 96 and 100. The high voltage insert further 
includes two O-ring grooves 106 and .108 which are 
generally poised at the forward end of the insert 90. 
The high voltage insert 90 further includes a locking, 
ring, such as 104, which is integrally molded with the 
insert and extends circumferentially around the 



insert. 

Figure 9 shows the swivel backshell as generally 
including a threaded cap 122 having external threads 
which are complementary with the threaded end 14 
5 of the metal shell 4, as shown in Figure 4. The swivel 
backshell further includes a swivel ball 124 having a 
V-groove 126 which surrounds the ball about its 
center. The swivel backshell further includes a rear 
cable clamp, such as 128, which defines a. cable 
10 strain relief when a complementary clamp half 129 
(Figure 2) is installed onto the clamp block 128. A 
cable receiving through hole 130 extends through 
the swivel backshell for the receipt of the data and 
power cable, therethrough. 
15 With reference to Figure 10, the swivel block 140 
generally includes a flange 142 which is used for 
mounting the connector. The interior portion of the 
block- 140 includes a complementary profiled surface 
143 for surrounding the ball 124 of the swivel 

20 backshell 120. The swivel block 140 further includes 
a surface, such as 144, which circumferentially 
surrounds V-groove 126 of the swivel backshell. 120. 
It should be understood that when in use, two such 
swivel blocks 140 are used which are shell halves 

25 which interlockingly mate by means of alignment 
pins 147 and grooves 149. 

With- reference now to Figures 11A-11C, the 
terminals are shown which comprise the electrical 
connections, and include' pins 160 and sockets 320 

30 for the transmission of data signals, (Figure 11 A); 
coaxial pins and sockets 190 and 330 for data 
transmission, (Figure 11B); and high "voltage pins 
and sockets 310 and 220, (Figure 1 1 C): Reference to 
Figure 11A shows that the pin 160 comprises a pin 

35 portion 164, a crimpable portion 166 and a band 
portion 162 which is of a greater diameter than the 
crimpable portion thereby forming a forwardiy and a 
rearwardly facing shoulder. Retention clip 170 is also 
shown as including a cylindrical portion 172 includ- 

40 ing integral retention fingers 174 which extend 
inwardly towards the center of the clip. Figure 11A 
also shows a. socket 320 which is identical to socket 
220, which will be described herein; and a retention 
clip 328, identical to clip 170. 

45 With reference now to Figure 11B, coaxial pin 190 
is shown as including an outer conductive housing 
including a forward shroud portion 200, a central 
constricted portion 196, a bulged or contracted 
portion 198, and a rear end portion 202. A retention 

50 clip. 206, having fingers 208, is snapped into and 
around the constricted portion 196. Reference to 
Figure 16 shows that the interior of the coaxial 
terminal 190 includes a pin section 192, having a 
crimpable portion 194, the pin portion 192 and the 

55 crimpable portion 194 being insulated from the 
exterior housing member. Similarly, the coaxial 
socket 330 includes an outer conductive housing 
which includes a forward conductive shell 332, a 
constricted portion 334, a bulged portion 336, and an 

60 end portion 338. Coaxial socket 330 further includes 
an identical retention clip as retention clip 206. As 
shown in Figure 16, the interior of the coaxial socket 
includes a tube 339 which is crimpable onto the 
center conductor of a coaxial lead at the rear end 

65 and which is matable with the coaxial pin T92 at its 
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opposite end. 

Reference now to Figure 11C shows the high 
voltage assembly as including the insert 90, a socket 
220. a retention clip 112 and a retention collar 110. 
Socket 220 is identical to socket 320 and includes a 
crimpable portion 222, a socket portion 224, and a 
central band portion 226. The interior of the collar 
(Figure 16A) includes a shoulder 113 which is 
smaller than the circular portion 1 1 1 of the retention 
clip 112. Pin 310 is identical to pin 160 which was 
described above. 

In order to assemble the connector, the cable is 
first inserted through the opening 130 in the swivel 
block, and then the individual conductors are 
terminated to their respective terminals. For 
example, the data conductors 236 can be terminated 
to the crimpable portions 166 of the terminals 160 
(Figure 11A); the coaxial conductors 234 are 
terminated to the crimpable portions 194 (Figure 
16); and the high voltage terminals are prepared by 
placing the conductor of the cables 238 within the 
crimpable ends 222 and the conductors crimped in 
place. 

To retain the terminals 160 within their respective 
apertures, the connector housing is preassembled 
by placing the forward insert 30 within the metallic 
shell 4 ; placing the retaining clips within the 
apertures 40, and then assembling the rear insert 60 
in place within the metallic shell 4, and locked in 
place within the shell 4 via the snap ring 230. The 
retention clips 170 remain, within the apertures 40 as 
the diameters of the apertures 66 in the rear insert 60 
are smaller than the diameters of the retention clips 
170. At the same time the retention dips 170 are 
sandwiched between the forward 30 and rear 60 
inserts, the high voltage inserts 60 are sandwiched 
between the inserts 30 and 60 also. The terminals 
160 are then insertable through the respective 
apertures 60 and 40, and snapped into the position 
shown in Figure 16. 

The high voltage terminals 220 are retained within 
the high voltage inserts 90 via the retention clips 112 
and :he collars, and the retention clips 112 and the 
col-ars can either be preassembled within the high 
voltage inserts 90. prior to the assembly of the 
inserts 90 between the inserts 30, 60, or can 
advantageously be assembled after their assembly, 
in either event, the retention clip 112 and the 
retention coliar 110 are slid forwardly into the high 
voltage inserts 90 until the front ends of the collars 
110 abut the shoulders 98 within the high voltage 
inserts 90 (Figures 8 and 16A). The collars 110 are 
frictionalSy fit within the bores 96 and a tool (not 
shown) can include a split seam which is receivable 
over the conductors 238 to apply a force to the rear 
of the collars 110, which in turn carries the retention 
clips into the inserts 90. The terminals are then 
insertable from the rear of the connector and are 
spring clipped in place, as shown in Figure 16A. 

The coaxial pins 190 are retained within their 
respective apertures by means of retainers 206 
which are snapped over the diameter of the coaxial 
pins 190. The coaxial pins 190 and their retainers 206 
are receivable into the assembled inserts 30, 60 to 
the retained position shown in Figure 16. 



As mentioned earlier, a snap ring 230 is placed in 
the shell 4 within the groove 22 which retains the two 
inserts 30, 60 in place. It is preferred that the rear of 
the insert 90 be potted with an appropriate sealing 

5 compound to prevent discharge/sparking from the 
rear of the high voltage terminals. To complete the 
assembly, the swivel backshell 120 is threaded to the 
rear of the shell 4 and the two swivel blocks 140 are 
attached in a surrounding relation with the swivel ball 

10 124. The connector 2 can then be mounted to the 
base of an aircraft for use with a connector attached 
to a pilot's helmet. 

With reference now to Figures 12 and 13, the 
mating connector 250 generally includes a metallic 

15 outer housing 252, and inner insulative inserts 340 
and 360. The mating connector 250 further com- 
prises a rear metallic housing portion 390 and a 
strain relief gland 410 and nut 420. Reference to 
Figure 12 alone shows that the mating connector 

20 250 includes a polarizing bar 302 which is com- 
plementary with the notch 8 in the outer shell 4, and 
further includes detents 304 which are complemen- 
tary with the pins 20 in the outer housing 4. Also as 
shown in Figure 12, the connector 250 includes 

25 associated apertures 306 for receipt of the high 
voltage inserts while the contacts 320 and 330 
extend forwardly from the front face of the insert 340 
for insertion into the respective apertures within the 
connector 2. 

30 Reference to Figure 14 shows that the forward 
insert includes a front mating face 344 having a 
plurality of apertures extending through the mating 
face 344 to the rear face. There are two aperture 
sizes, 346 and 348, and an oblong recess 350 is 

35 further included. The forward insert 340 also in- 
cludes a forwardly facing shoulder 342. 

With reference to Figure 15A, the rear insert 360 
includes a front mating face having apertures 374 
and 376 extending inwardly from the front mating 

40 face and further comprises a pillar 364 which 
extends outwardly from the front mating face. Pillar 
364 includes three apertures 378 which are shown in 
Figure 15B as including two bores 380 and 382. 
Figure 15B also shows that the inner portion of the 

45 pillar 364 includes ,a cavity 384 and a through 
aperture 386 for the pins. 

A virtually identical assembly process is used to 
assemble the mating connector 250 as in the 
connector 2 in that mating terminals are used in the 

50 mating connector 250 as in the connector 2. After 
inserting the cable 430 through the nut 420, gland 
410 and through the backshell 390, the terminals are 
installed as in the connector 2, and the forward 
insert 340 and rear insert 360 are locked in place 

55 within the conductive shell member 252 via a snap 
ring 388. The rear shell portion 390 can then be 
threadably engaged to the forward conductive shell 
252 and the strain relief nut 420 can then be driven 
forward which expands the gland 410, acting as a 

60 strain relief for axial tension on the cable 430. It 
should be noted that other means are available to 
retain the two outer housing components 252, 390 
together, which would not include the threads 392. 
For example, the two components could merely be 

65 abutted one to the other, and held in place by 
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fasteners such as grub screws. Alternatively, the two 
components could include complementary latching 
means such as pins 20 (Figure 3) and detents 304 
(Figure 12). 

As mentioned previously, high altitudes cause 5 
atmospheric conditions to approach those of a 
vacuum, causing relatively low level voltages to jump 
gaps between adjacent metallic components, which 
could be adjacent data or power terminals. If an 
adjacent terminal receives a spark from a power 10 
terminal, this sparking could damage the equipment 
which is connected to the adjacent terminal or it 
could cause phantom signals which lead to inaccur- 
ate data transmission. The above described connec- 
tor solves the previously described problems as the. 15 
connector includes sealing surrounding the termi- 
nals which prevents sparking between gaps within 
the connector. To further prevent voids around the 
terminals, the high voltage terminals are installed 
Vv'ithin inserts which are allowed to radially move 20 
relative to their axial length. The inserts also include 
O-rings 114 around the ends of the inserts. As the 
connector 2 mates with the. connector 300, as shown 
in Figure 17, the forward ends of the inserts 90 are 
disposed within the apertures 306 of the connector 25 
300. To ensure that the aperture is adequately sealed 
the inserts are moveable to align the inserts squarely 
with the apertures 306. Said differently, if the inserts 
were fixed from movement, the inserts 90 could be 
slightly misaligned with the apertures 306, which 30 
would cause the seals or O-rings 114 to be heavily 
loaded on one side while possibly allowing either a 
finite gap or only slight compression on the opposite 
side which would enhance the break down of the 
Oring 1 14 in that area by the high voltage. Thus by 35 
allowing the insert 90 to "float", the O-rings 114 are 
properly centered relative to the apertures 306, 
thereby allowing the O-rings 114 to receive uniform 
deformation or crush around their periphery. It has 
been found that an adequate material for the O-rings 40 
is silicone rubber which has been tested in the 
above-described assembly with a breakdown volt- 
age of 12 kilovolts. 

It has been found that the performance of the 
connector is not dependent upon the material used 45 
in the inserts 30, 60 as these inserts are not 
subjected to high voltage. Either an epoxy molding 
compound or a glass filled PBT could be used with 
similar results. 

The optimum material for the high voltage inserts 50 
has been found to be a liquid crystal polymer, 
although an acetate is also acceptable and provides 
for increased machinability. 



Claims 

1. An electrical connector (2) for use at high 
altitudes with power and data transmission, the 
electrical connector (2) comprising an insula- 60 
five housing means (30, 60) having at least one 
electrical terminal (220) disposed within the 
housing means (30, 60) between a front and 
rear face, the connector (2) being characterized 
in that: .65 



the housing means (30, 60) includes an aper- 
ture (50, 78) extending therethrough profiled for 
receipt of an insert means (90), the insert 
means (90) being disposed within the said 
aperture (50, 78) of the insulative housing 
means (30, 60) and profiled relative to the 
aperture (50, 78) so as to be moveable in order 
to align the insert means (90) with an opening 
(306) of a matable connector (250). 

2. The. connector of claim 1 characterized in 
that the insert means (90) is profiled so as to be 
partially extending from the front face of the 
housing means (30), and further comprising a 
through bore (92) which extends between a 
front and rear end of the insert means (90). 

3. The connector of any of the preceding 
claims characterized in that the through bore 
(92) of the insert means (90) includes means 
(110, 112) to retain the terminal (220) within the 
insert means (90). 

4. The connector (2) of any of the preceding 
claims characterized in that the insert means 
(90) includes sealing means (114) surrounding 
the portion of the insert means (90) which 
extends from the front face of the housing 
means (30), proximate the front end of the 
insert means (90). 

5. The electrical connector of any of the 
preceding claims characterized in that the 
insulative housing means (30, 60) comprises 
two housing members, a front (30) and a rear 
(6.0) member which cooperatively abut each 
other. 

6. The electrical connector of any of the 
preceding claims characterized in that the 
insert means (90) includes an annular ring (104) 
therearound, and the front and rear housing 
members cooperatively form a recess (76) 
therein which traps the ring (104) of the insert 
means (90) within the recess (76). 

7. The electrical connector (2) of any of the 
preceding claims characterized in that the 
recess (76) extends inwardly from a front face 
(62) of the rear housing member (60) to an 
extent to receive the ring (104) of the insert 
means (90). 

8. The electrical connector (2) of any of 
claims 4-7 characterized in that the sealing 
means (114) includes at least one O-hng, and 
the front end of the insert includes grooves 
(106, 108) therein to receive the O-ring (114). 

9. The electrical connector (2) of any of the 
preceding claims characterized in that the 
terminal (220) is a socket type terminal for the 
distribution of power and is matable with a pin 
type terminal (310) in the matable connec- 
tor(250). . 

10. The connector assembly of claim 9 charac- 
terized in that the connector housing means 
(30, 60) includes a plurality of apertures (36, 44; 
66, 79) for receiving a plurality of electrical 
terminals (160, 190) for the distribution of data 
signals, 



5 



EP 0 334 610 A1 




EP 0 334 610 A1 




EP 0 334 610 A1 




EP 0 334 610 A1 




EP 0 334 610 A1 




90 98 



EP 0 334 610 A1 



122 




EP 0 334 610 A1 




EP 0 334 610 A1 




i. 



EP 0 334 610 A1 




EP 0 334 610 A1 




EP 0 334 610 A1 




EP 0 334 610 A1 




EP 0 334 610 A1 




EP 0 334 610 A1 




EP 0 334 610 A1 




EP 0 334 610 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 89 30 2801 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cntcgory 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION ant- CU ) 



D,A 



US-A-<+68<+192 I AMP) 
* column 4> line 25 



K01R13/629 



line 38s figure 1 * 



US-A-35991 67 (DEUTSCK COMPANY ) 

* column 2> line 63 - line 67$ figures 1-3 * 



1, 9 



TECHNICAL FIELDS 
SEARCHED (Int. CL4 ) 



H01R 



The present search report has been drawn up for ail claims 



Place of search 
THE HAGUE 



Dale of completion of Ihc search 
02 JUNE 1989 



Examiner 
CERXBELLA G. 



2 
o 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : n on -written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



Id FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




